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Principal Facts for Gravity Stations in and near the 

Madison and Gallatin Divide Roadless Areas, Montana 

Studies Related to Wilderness

The Wilderness Act (Public Law 88-577, September 3, 1964) and related 

acts require the U.S. Geological Survey and the U.S. Bureau of Mines to survey 

certain areas on Federal lands to determine their mineral resource 

potential. Results must be made available to the public and be submitted to 

the President and the Congress. This report presents the results of a gravity 

survey of the Madison Roadless Area, Gallatin and Beaverhead National Forests, 

Gallatin and Madison Counties, Montana and the Gallatin Divide Roadless Area 

in the Gallatin National Forest, Gallatin and Park Counties, Montana. The 

Madison Roadless Area comprises Madison RARE II area No. 1549, parts E, J, N, 

R, and S, which were classified as further planning areas during the Second 

Roadless Area Review and Evaluation (RARE II) by the U.S. Forest Service, 

January 1979. The Gallatin Divide Roadless area as referred to here is 

composed of the Gallatin Divide and Hyalite Roadless areas that were 

designated wilderness study areas by the 1977 Montana Wilderness Study Act 

(Public Law 95-150) and were classified as further planning areas during 

RARE II by the U.S. Forest Service, January 1979.

Introduction

A gravity survey of the Madison and Gallatin Ranges, Montana, was 

conducted by the U.S. Geological Survey. The survey was made to aid the 

evaluating of the mineral resource potential of the Madison and Gallatin 

Divide Roadless Areas, Gallatin, Madison, and Park Counties, Montana. This 

report presents the principal facts of the gravity stations and a station 

location map.



Data Collection and Reduction

During the summers of 1979-1982, 616 gravity stations were measured by 

the authors in the Madison and Gallatin Ranges of southwestern Montana. The 

area covered is shown on figure 1.

Figure 1. -Hachured area shows location of gravity survey discussed in this 

report.

LaCoste and Romberg gravimeters G-2 and G-159 were used. Observed 

gravity values are referenced to the Butte, Montana, base station 

(Aeronautical Chart and Information Center code number 0443-0) of the World 

Relative Gravity Reference Network (Defense Mapping Agency, 1974). Eight 

local gravity bases were established in the area and are referenced to the 

Butte base station. Data for the local bases are given in Appendix A.

Horizontal and vertical control for station locations were obtained from 

USGS topographic maps at the scale of 1:62,500 with contour intervals of 40



and 80 feet. Most stations were read at bench marks or spot elevations 

indicated on the maps. The elevations for those stations read at other 

identifiable points were determined by interpolating between contour lines and 

could be in error by ±40 feet resulting in a Bouguer gravity anomaly error of 

±2.40 milligals (mgals).

Data reduction was accomplished using computer programs on a Digital 

Equipment Corp. VAX-11/750 computer. Observed gravity values were calculated 

from gravimeter readings using a program by M. W. Webring, D. A. Dansereau, 

and R. R. Wahl (U.S. Geological Survey, unpublished) that corrects for earth 

tide and meter drift. Terrain, Bouguer, and earth curvature corrections and 

free air and Bouguer gravity anomalies were computed using a program written 

by R. H. Godson (U.S. Geological Survey, 1978, unpublished) which uses the 

1967 formula of the Geodetic Reference System (International Association of 

Geodesy, 1971) to calculate theoretical gravity values. The equations and 

related expansions used are given by Cordell and others (1982). Terrain 

corrections were computed from each station to a distance of 166.7 kilometers 

using a modification of the method of Plouff (1977) in conjunction with 

digital terrain data for the conterminous United States obtained from the U.S. 

Department of Defense. In addition, corrections for Hammer zones A through C 

(Hammer, 1939) were estimated in the field for each station and added to the 

correction obtained from the digital data. Terrain corrections ranged from 

0.56 mgals for base station BQOB1 at Bozeman to 36.40 mgals at station AQ141 

at the north end of Cedar Mountain.

Table 1 lists the principal facts for the gravity stations. The base 

stations used are listed once at the beginning of the table. Stations BQ001 

through BQ218 were read with meter G-159 during 1979 and 1980. Stations BQ225 

through BQ480 were read with meter G-2 during 1980 through 1982. All of the



AQ stations were read with meter G-159 during 1981 and 1982. An explanation 

of some of the column headings on table 1 follows:

ST
GRAVITY- 

THEORETICAL

CORRECTIONS- 
TERRAIN

BOUGUER

Two letter state abbreviation

Theoretical gravity, in milligals, computed using 
the Geodetic Reference System 1967 (International 
Association of Geodesy, 1971)

Corrections due to effects of topography at a 
density of 2.67 g/cm in milligals. Column a-f 
lists the computer correction for Hammer zones A-F 
plus estimated correction for Hammer zones A-C. 
Column g-x lists the computer correction from Hammer 
zone G to a radial distance of 166.7 km from the 
station.

Bouguer slab correction in milligals

CURV

ANOMALIES- 
FREE AIR

COMPLETE-BOUGUER

Corrections in milligals due to curvature of the 
earth

Free-air anomaly in milligals

Complete Bouguer anomaly in milligals for densities 
of 2.67 and 2.45 g/cm3



Station Location Plots

Figure 2 is an index of figures 2A-2D, which show the locations of 

gravity stations listed in this report. On figures 2A-2D the eight local base 

stations are shown with a square while the other stations are marked with an
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Figure 2. Index of plots for figures 2A through 2D,
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Appendix A

U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 

Montana

NEAREST TOWN 

Bozeman

ELEVATION 
1481.6 m 4861 ft

DATE

8-16-81

OBSERVER

Kaufmann & 
Hassemer

STATION DESIGNATION 
BQOB1

LONGITUDE 

lll°03.70 f

OBSERVED GRAVITY 
980,202.05 mgals

LATITUDE 

45°40.26 f

TOPOGRAPHIC MAP(S) 
Bozeman 15 min

METER

G-159

REFERENCE STATION

Butte

REFERENCE VALUE

980,159.88 mgals

DESCRIPTION/SKETCH
The station is read on the ground between the edge of the pavement and a stop 
sign at the southeast corner of the intersection of S. 19th Ave. and W. College St, 
in the southwestern part of Bozeman. No marker is present.

West Collie St
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U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 

Montana

NEAREST TOWN 

Gardiner

.ELEVATION 

1521.6 m 4992 ft

DATE

9-15-79

OBSERVER

Kaufmann & 
Hassemer

STATION DESIGNATION 

BQOB2

LONGITUDE 
110°54.ir

OBSERVED GRAVITY 
980,141.68 mgals

LATITUDE 
45°12.31 f

TOPOGRAPHIC MAP(S) 
Miner 15 min

METER

G-159

REFERENCE STATION

Butte

REFERENCE VALUE

980,159.88 mgals

DESCRIPTION/SKETCH
Station is read on the ground at a section marker, sections 19, 20, 29, and 30, 
located about 50 feet off the road to Tom Miner Basin and on the west side of 
the Yellowstone River approximately 16 miles north of Gardiner.
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U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 

Montana

NEAREST TOWN 

Bozeman

ELEVATION 

1870.2 m 6136 ft

DATE

7-29-80

OBSERVER

Kaufmann

STATION DESIGNATION 
BQ104

LONGITUDE 
111°14.82'

OBSERVED GRAVITY 
980,061,28 mgals

LATITUDE 

45°12.75'

TOPOGRAPHIC MAP(S) 
Crown Butte 15 min

METER

G-159

REFERENCE STATION

Bozeman (BQOBl)

REFERENCE VALUE

980,202.05 mgals

DESCRIPTION/SKETCH
Base station is read on top of bench mark, elevation 6136 feet, located a few 
feet southwest of the intersection of Doe Creek road and U.S. highway 191, about 
46 miles south of Bozeman and 13 miles north of Yellowstone National Park boundary,
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U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 
Montana

NEAREST TOWN 
Bozeman

ELEVATION 
1907.4 m 6258 ft

DATE

7-29-80

OBSERVER

Kaufmann

STATION DESIGNATION 
BQ106

LONGITUDE 
111°14.59 T

OBSERVED GRAVITY 
980,049.64 mgals

LATITUDE 
45°10.16'

TOPOGRAPHIC MAP(S) 
Crown Butte 15 min

METER

G-159

REFERENCE STATION

Bozeman

REFERENCE VALUE

980,202.05 mgals

DESCRIPTION/SKETCH
Base station is read on the ground about ten feet east of and two feet below the 
pavement of U.S. highway 191 at an old entrance for the Red Cliff campground, 
about 10 miles north of the boundary for Yellowstone National Park. This entrance 
road is no longer in use and there is no marker for the base station.

WORTH
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U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 
Montana

NEAREST TOWN 
West Yellows tone

ELEVATION 
2005.6 m 6580 ft

DATE

8-16-81

OBSERVER

Kaufmann

STATION DESIGNATION 
AQOB1

LONGITUDE 
lll°06.74 f

OBSERVED GRAVITY 
979,991.46 mgals

LATITUDE 
44°46.40'

TOPOGRAPHIC MAP(S) 
Tepee Creek 15 min

METER

G-159

REFERENCE STATION

Butte

REFERENCE VALUE

980,159.88 mgals

DESCRIPTION/SKETCH
Base station is read on top of USC&G bench mark 45E1, reset 1964 as 111 BPR, 
located about 50 feet east of U.S. highway 191 & 287 and 0.6 mile south of 
intersection of U.S. highways 191 & 287.

0.6-mile

NORTH

to West 
Yellowstone

8 777 fles
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U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 

Montana

NEAREST TOWN 
Bozeman

ELEVATION 
1834.9 m 6020 ft

DATE

8-9-80

8-9-80

OBSERVER

Hassemer

Kaufmann

STATION DESIGNATION 
Bigsky

LONGITUDE 
lll°15.24 t

OBSERVED GRAVITY 
980,075.55 mgals

LATITUDE 
45°16.00'

TOPOGRAPHIC MAP(S) 
Spanish Peaks 15 min

METER

G-2

G-159

REFERENCE STATION

BQOB1

BQOB1

REFERENCE VALUE

980,202.05 mgals

980,202.05 mgals

DESCRIPTION/SKETCH
Base is read on the ground just south of a 4x4"concrete highway R/W (right of way) 
marker on the north side of Montana State route 64. The marker is west of U.S. 
highway 191 and approximately 100 feet east of a bridge.

i
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U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 

Montana

NEAREST TOWN 

Ennis

ELEVATION 

1629.8 m 5347 ft

DATE

8-16-80

8-16-80

8-21-81

OBSERVER

Hassemer

Kaufmann

Hassemer

STATION DESIGNATION 

Cameron

LONGITUDE 
111°40.70'

OBSERVED GRAVITY 
980,100.65 mgals

LATITUDE 
45°12.85 I

TOPOGRAPHIC MAP(S) 
Cameron 15 min

METER

G-2

G-159

G-2

REFERENCE STATION

BQOB1

Butte

Big sky

REFERENCE VALUE

980,202.05 mgals

980,159.88 mgals

980,075.55 mgals

DESCRIPTION/SKETCH
Station is read on the ground at the west side of USC&GS bench mark H139 located 
0.75 miles north of Cameron on the east side of U.S. highway 287.

NORTH
1
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U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 

Montana

NEAREST TOWN 

West Yellows tone

ELEVATION 

1888 m 6195 ft

DATE

9-20-81

9-21-81

9-21-81

OBSERVER

Hassemer

Has seiner

Hassemer

STATION DESIGNATION 
Stagger

LONGITUDE 

111°27.38'

OBSERVED GRAVITY 
980,022.49 mgals

LATITUDE 

44°49.62'

TOPOGRAPHIC MAP(S) 
Hebgen Dam 15 min

METER

G-2

G-2

G-2

REFERENCE STATION

Gamer on

AQOB1

BQOB1

REFERENCE VALUE

980,100.65 mgals

979,991.46 mgals

980,202.05 mgals

DESCRIPTION/SKETCH
Base is read on the ground at south side of a 4x4"concrete highway R/W (right of 
way) marker along the north side of U.S. highway 287. The marker is at a fence 
corner 1.6 miles east of the junction of State route 87 and U.S. 287.
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